Infection of L929 ceils by Newcastle disease virus (NDV) did not induce celt fusion, whereas addition of anti-L929 cell antiserum to the culture medium did result in cell fusion. When the antiserum was added to the culture medium of NDV-infected cells at the start of incubation, polykaryocytes appeared after 18 h post-infection (p.i.). On the other hand, when the antiserum was added to the culture medium at 18 h p.i., no polykaryocytes appeared, suggesting that the presence of the antiserum at the stage of NDV replication was necessary for the antiserum-induced ceil fusion. Since anti-F polypeptide antiserum inhibited the cell fusion, functional F protein was essential for the antiserum-induced cell fusion. All the anti-L929 cell xenogenic sera tested were able to induce the ceil fusion, whereas anti-L929 cell allogenic sera did not induce cell fusion. Anti-MCA cell serum also induced the cell fusion. Little replication of NDV was observed in the presence of anti-L929 cell serum and synthesis of virus-specific polypeptides, especially of M protein, was suppressed. However, there was no difference in expression of virus-specific glycoproteins on the surface membranes between ceils treated with normal rabbit serum and those treated with anti-L929 cell serum. On the basis of the above results, the mechanism of induction of cell fusion by anti-host cell serum is discussed.
INTRODUCTION
All enveloped viruses are potentially capable of inducing fusion of cultured cells. However, mechanisms regulating virus-induced cell fusion are not well understood. Induction of cell fusion depends on the particular combination of virus strain and host cell. Some host cell components play important roles in virus-induced cell fusion; for instance disturbance of microfilament function suppressed cell fusion, whereas disruption of microtubules enhanced cell fusion (Yamamoto et al., 1984) .
Although infection of L929 cells by Newcastle disease virus (NDV) does not induce cell fusion, cell fusion occurs rapidly after the addition of sodium vanadate to the culture fluid, indicating that NDV-infected L929 cells are at a prefusion stage (Yamamoto et al., 1984) .
Therefore, NDV-infected L929 cells are a convenient tool for studying mechanisms regulating virus-induced cell fusion. We discovered incidentally that addition of anti-L929 cell antiserum to the culture medium resulted in extensive cell fusion of NDV-infected L929 cells. The mechanism by which cell fusion was induced by anti-host cell serum has been investigated in this study.
Antisera. Hyperimmune rabbit sera (two lots), rat sera (three lots), C57BL/6 mouse serum and BALB/c mouse serum were prepared against L929 cells. One of the rabbit antisera was used in all experiments unless otherwise specified. Anti-H-2 k mouse serum was donated by K. Kawashima, Nagoya University, Japan. Rabbit antisera against MCA cells, derived from a methylcholanthrene-induced sarcoma in a BALB/c mouse, and Vero cells were also used. Anti-H-2 k and H-2 b monoclonal antibodies were purchased from Meiji Pharmaceutical Co., Japan. Rabbit monospecific antisera against the HN and F polypeptides of NDV were donated by T. Kohama, NIH, Japan.
Isotopic labelling of mock-and NDV-infected cells. Approximately 2 x 106 cells were infected with NDV at an input m.o.i, of 10 p.f.u./cell or were mock-infected. At 16 h post-infection (p.i.), the cells were depleted of methionine and then labelled with [35S]methionine (40 ~tCi; Amersham) for 3 h. The cultures were washed four times with EDTA and twice with phosphate-buffered saline (PBS), and were then lysed with 1 ml of RIPA buffer (150 mM-NaCI, 1 ~ sodium deoxycholate, 1 ~ Triton X-100, 0.1 ~ SDS, 10 mi-Tris-HC1 pH 7.4 and 100 KIU of aprotinin per ml). After centrifugation at 10000 r.p.m, for 20 rain, the resulting supernatants were kept at -80 °C until use.
Immunoprecipitation and SDS-polyacrylamide gel electrophoresis (SDS PAGE). Immunoprecipitation was done as described previously (Ito et al., 1985) , except that the isotopically labelled sample (50 ~tl) was incubated with Protein A-Sepharose pre-coated with 50 txl of antiserum (1:10).
Fusion index. The nuclei were counted microscopically in Giemsa-stained cultures. The fusion index, or percent polykaryocytosis, was defined as the ratio of the number of the nuclei present in polykaryocytes to the total number of the nuclei in a given microscopic field.
RESULTS

Induction of cell fusion in ND V-infected L929 cells by anti-L929 cell rabbit serum
L929 cells (4 x 104 or 1 x 105 cells/well in a Falcon Microplate 3072) were infected with NDV at an m.o.i, of 10. The cells were incubated in EMEM supplemented with 5~ foetal calf serum and various concentrations of rabbit anti-L929 cell serum. At 24 h p.i., the cells were stained with Giemsa solution and observed by microscopy. The addition of the antiserum to NDV-infected cells gave rise to polykaryocytes, but neither NDV nor the antiserum alone caused fusion (data not shown). The extent of polykaryocytosis was related to the concentration of the antiserum (data not shown). Addition of about 10~o antiserum resulted in a fusion index of 70 to 80~ (data not shown). Cells at low density (4 x 10" cells/well) were more easily fused than those at high density (105 cells/well). An antiserum concentration of 10~o and a cell density of 4 x 10*/well were used in all subsequent experiments. In the next experiment, L929 cells were infected with NDV at various m.o.i., and the cells were then incubated in the presence of the antiserum. An m.o.i, of 30 to 7.5 p.f.u./cell resulted in the maximal degree of cell fusion (data not shown). Therefore in subsequent experiments, an m.o.i, of 10 p.f.u./cell was used.
A kinetic study of cell fusion was carried out (Fig. 1 ). When the antiserum was added to the culture medium of NDV-infected cells at the start of incubation, polykaryocytes started to appear after 18 h of incubation. On the other hand, when the antiserum was added to the culture medium after 18 h of incubation, no polykaryocytes appeared, indicating that attachment alone of the antiserum to the membrane of infected cells did not induce cell fusion.
Effects of anti-ND V an tisera on the antiserum-induced cell fusion on ND V-infected L929 cells
To investigate whether virus-specific polypeptides played an essential role in the antiseruminduced cell fusion, NDV-infected L929 cells were incubated with antiserum against HN, F or whole virion together with the antiserum against L929 cells. When added at a dilution of 1:10 immediately after infection, all antiviral antisera prevented antiserum-mediated cell fusion (Table 1) . When added 12 h after infection, however, anti-HN antiserum was no longer effective in preventing cell fusion, whereas anti-F and anti-whole virion sera reduced subsequent cell fusion (Table 1 ). These results suggest that a functionally intact F protein is essential for antiserum-induced cell fusion.
Induction of cell fusion in ND V-infected L929 cells by various antisera
The type of antiserum able to induce cell fusion was analysed in the following experiment. As shown in Table 2 , nine sorts (12 lots) of antisera were used, namely, rabbit anti-L929 cell serum, 
Growth of ND V in the presence of anti-L929 cell antiserum
The effects of anti-L929 cell antiserum on NDV replication in L929 cells were investigated. L929 cells were infected with NDV at an m.o.i. 10 and after 1 h of adsorption, the cells were washed four times with EMEM. The cells were incubated with or without rabbit anti-L929 cell serum. At appropriate intervals, culture fluids and sonicated cell lysates were assayed for infectivity. Fig. 2 shows that replication of NDV was not observed in the presence of the antiserum (cell-associated virus titre; data not shown), indicating that attachment of the antiserum to the cell surface inhibits virus replication in the cells.
Synthesis of virus-specific polypeptides in the presence of rabbit anti-L929 cell serum
The virus-infected cells were isotopically labelled to analyse the synthesis of virus-specific polypeptides in the presence of rabbit anti-L929 cell serum. NDV-infected L929 cells were incubated for t6 h with either rabbit anti-L929 cell or anti-MCA cell serum or normal rabbit serum; the cells were then labelled with [3SS]methionine in the presence of each antiserum for 3 h. Both antisera induced a decrease of protein synthesis in the virus-infected cells, whereas they showed no effect on protein synthesis in uninfected cells (Fig. 3) . Subsequently, immunoprecipitation was carried out using the radiolabelled cell lysates and anti-NDV rabbit serum. As shown in Fig. 3 , when the cell lysates were incubated with Protein A-Sepharose coupled with anti-NDV antiserum, virus-specific polypeptides were precipitated, whereas the cell lysates scarcely reacted with Protein A-Sepharose alone. Although synthesis of all virusspecific polypeptides was suppressed in the cells treated with either of the antisera, suppression of M polypeptide synthesis was the most pronounced ( Fig. 3) . These findings show that attachment of anti-host cell serum to the cell surface leads to a large reduction in the intracellular pool of M protein as compared with other proteins.
In the next experiment, we attempted to detect virus-specific glycoprotein(s) on the surface of NDV-infected L929 cells treated with anti-L929 cell serum. NDV-infected L929 cells were incubated with rabbit anti-L929 cell serum for 15 h. The cells were then labelled with [35S]methionine together with the antiserum for 3 h, and anti-NDV serum (1:10) was added to the culture medium for 30 min at room temperature. After washing five times with EMEM, the cells were lysed with RIPA buffer and the lysates were reacted with Protein A-Sepharose precoupled with or without anti-NDV antiserum. Polypeptides precipitated by Protein A-Sepharose alone can be considered to be virus-specific polypeptides on the cell surface. There was no difference in expression of virus-specific glycoproteins on the cell surface between untreated cells and those treated with anti-L929 cell serum (data not shown), indicating that neither accumulation nor diminution of virus-specific glycoproteins occurred at the surface of cells treated with anti-host cell serum. antiserum to be present from the beginning of incubation of NDV-infected cells for induction of cell fusion, suggesting that the antiserum affects cell function during virus replication. Anti-F protein monospecific antiserum inhibits antiserum-induced cell fusion. Thus, a functionally intact F protein is a prerequisite for antiserum-induced cell fusion. Treatment of L929 cells with anti-host cell serum influences virus replication and synthesis of virus-specific polypeptides. Almost no replication of N D V was observed in L929 cells treated with the antiserum. Replication of vesicular stomatitis virus (VSV) was also suppressed in L929 cells treated with anti-L929 cell antiserum (unpublished data). Synthesis of M protein was suppressed to the greatest extent by the antiserum in NDV-infected L929 cells. The amount of the virus H N and F glycoproteins on the cell membrane, however, did not differ. Therefore, it is inferred that the lack of M protein in the infected cells and the presence of the glycoproteins, especially the F protein, on the cell surface lead to cell fusion. When synthesis of Sendai virus M protein was inhibited, viral glycoproteins in the plasma membrane of the virus-infected cells had a high degree of mobility in the plane of the membrane (Yoshida et al., 1979) . Thus, a low amount of M protein in NDV-infected cells treated with anti-host cell serum may increase the mobility of virus glycoproteins in the cell membrane and consequently may result in enhancement of cell surface fluidity. It is possible that such cells easily form syncytia if stimulated by a functional F protein. Storey & Kang (1985) have recently reported that VSV infection leads to cell fusion when the ratio of G protein to M protein is disturbed within the cell.
All the anti-L929 cell xenogenic sera tested in this study induced the cell fusion. Furthermore, antiserum against MCA cells led to fusion of virus-infected L929 cells. In contrast, anti-L929 cell allogenic serum, anti-H-2 k monospecific and monoclonal antibodies had no effect on the induction of cell fusion. These results indicate that one or more mouse-specific antigens on the surface of L929 cells is important for the antiserum-induced cell fusion. When anti-L929 cell serum reacted with [3SS]methionine-labelled L929 cell lysates, 46K and 90K polypeptides were immunoprecipitated (unpublished data). No immunoprecipitation of these polypeptides was observed with normal rabbit serum, anti-Vero cell rabbit serum or anti-L929 cell rabbit serum absorbed with C3H/He mouse spleen cells. The 46K and/or 90K proteins might be candidates for the specific antigen(s) related to the antiserum-induced cell fusion. Further studies using monoclonal antibodies are in progress.
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